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Abstract 

Background: The forces which affect homelessness are complex and often interactive in nature. Social forces such as 
addictions, family breakdown, and mental illness are compounded by structural forces such as lack of available 
low-cost housing, poor economic conditions, and insufficient mental health services. Together these factors impact 
levels of homelessness through their dynamic relations. Historic models, which are static in nature, have only been 
marginally successful in capturing these relationships. 

Methods: Fuzzy Logic (FL) and fuzzy cognitive maps (FCMs) are particularly suited to the modeling of complex social 
problems, such as homelessness, due to their inherent ability to model intricate, interactive systems often described in 
vague conceptual terms and then organize them into a specific, concrete form (i.e., the FCM) which can be readily 
understood by social scientists and others. Using FL we converted information, taken from recently published, peer 
reviewed articles, for a select group of factors related to homelessness and then calculated the strength of influence 
(weights) for pairs of factors. We then used these weighted relationships in a FCM to test the effects of increasing or 
decreasing individual or groups of factors. Results of these trials were explainable according to current empirical 
knowledge related to homelessness. 

Results: Prior graphic maps of homelessness have been of limited use due to the dynamic nature of the concepts 
related to homelessness. The FCM technique captures greater degrees of dynamism and complexity than static 
models, allowing relevant concepts to be manipulated and interacted. This, in turn, allows for a much more realistic 
picture of homelessness. Through network analysis of the FCM we determined that Education exerts the greatest force 
in the model and hence impacts the dynamism and complexity of a social problem such as homelessness. 

Conclusions: The FCM built to model the complex social system of homelessness reasonably represented reality for 
the sample scenarios created. This confirmed that the model worked and that a search of peer reviewed, academic 
literature is a reasonable foundation upon which to build the model. Further, it was determined that the direction and 
strengths of relationships between concepts included in this map are a reasonable approximation of their action in 
reality. However, dynamic models are not without their limitations and must be acknowledged as inherently 
exploratory. 
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Background 

Homelessness 

Homelessness is a complex social problem with a vari- 
ety of underlying economic and social factors such as 
poverty, lack of affordable housing, uncertain physical 
and mental health, addictions, and community and family 
breakdown. These factors, in varying combinations, con- 
tribute to duration, frequency, and type of homelessness. 
To be fully homeless is to live without shelter; however, 
many experience partial homelessness that can include 
uncertain, temporary, or sub-standard shelter. Homeless- 
ness is difficult to define, thus governments struggle with 
uncertainty when creating and implementing policies they 
hope will effectively manage or eradicate this problem. 

Levels of government, in countries like Canada, add to 
the complexity of dealing with homelessness. Being gov- 
erned at three different levels, federal, provincial, and 
municipal, requires high levels of agreement to effec- 
tively create and administer policies. In Canada, each 
level of government is responsible for different facets of 
homelessness. The federal government, responsible for 
the whole of Canada, creates and administers policies and 
funding for aboriginal peoples (a segment of Canada's 
population over-represented in homeless counts), seniors, 
and social housing, as well as transfers funds to the 
provinces to help pay for their social programs. The 
provincial government, responsible for needs of the 
provinces and territories, creates and administers policies 
regarding mental illness, addictions, welfare, minimum 
wage laws, landlord and tenant acts, and child protection 
services and shares responsibility with the federal gov- 
ernment for seniors and social housing. The municipal 
governments, are seen as the hands or arms of the provin- 
cial government, and are technically not responsible for 
homelessness; however are often involved in choosing 
sites for social housing, supporting emergency shelters 
and hospital emergency wards, as well as providing sup- 
port, in a variety of ways, to facilitate these initiatives. The 
fact that there is no comprehensive national housing strat- 
egy to co-ordinate these levels of government often leads 
to inadequate policies and funding that fall far short of 
meeting the country's housing needs [1] . This lack of coor- 
dination towards policy and funding for homelessness has 
recently come to the attention of courts in Canada who 
have begun to make decisions which support shelter as 
an essential right for Canadians [2]. The UN Special Rap- 
porteur on adequate housing in Canada has also strongly 
urged the federal government to commit sufficient fund- 
ing to create a national housing strategy by working with 
the provinces and territories [3]. 

Metro Vancouver is one city in Canada which conducts 
a comprehensive homeless count every three years [4]. 
Counters make every effort to include in the count those 
considered sheltered homeless (individuals who spend 



nights in shelters, safe houses, transition houses, hospi- 
tals, jails, remand centres, and detox/recovery facilities) 
and those who are unsheltered homeless (individuals who 
spend their nights unsheltered on streets, in parks, or at 
drop-in programs). Counts are shown in Figure 1. 

It becomes apparent that if the complex and oft-times 
chaotic experiences such as job loss that lead to fam- 
ily breakdown, mental illness, and drug/alcohol addiction, 
which may lead to homelessness, were better understood 
then social policies and procedures which constitute "best 
practices" would be more effective in reducing and pre- 
venting homelessness [5]. Fuzzy logic and fuzzy cogni- 
tive maps are especially useful for modelling complex 
social problems due to their inherent ability to capture 
and model vague concepts and values [6]. In relation- 
ship to homelessness, syllogisms such as, "if there is a 
lack of affordable housing, then there will be a significant 
increase in homelessness" can be accurately modelled by 
assigning a value to the parameter based on the retrieved 
linguistic terms taken from existing empirical literature. 
In this way greater meaning, which captures and aggre- 
gates the nuances of the stressors and protective factors, is 
given to the existing empirical literature related to home- 
lessness. This also allows the complex social issue to be 
graphically described in a manner which may be more 
readily understood. This, in turn, may then help social 
policy-makers to refine their decision-making, leading 
to effective changes in social policies with the goal of 
reducing homelessness. 

Fuzzy logic (FL) is a mutli-valued logic technique that 
is approximate. Rather than using traditional logic the- 
ory where binary sets have a two-valued logic (i.e., true, 1, 
and false, 0), fuzzy variables have a truth-value between 0 
and 1, allowing them to be valued between absolutely true 
and absolutely false. Using linguistic variables, taken from 
empirical literature that describes the effect each factor 
in a knowledge system has on the others, FL can be used 
to convert the effects into values between 0 and 1. Once 
determined, these values can then be input into a graphi- 
cal representation of the system containing all factors with 
directed lines (edges) showing the calculated strength of 
the causal relationship between them. This graphical rep- 
resentation is known as a fuzzy cognitive map (FCM). A 
brief description of the techniques, with an example is 
presented in the subsequent subsection. 

Fuzzy Cognitive Map (FCM) 

The FCM is a framework used for modelling interde- 
pendence between concepts in the real- world [7]. This 
is achieved by graphically representing the causal rea- 
soning relationships between vague or un-crisp concepts 
[6,8]. FCMs allow scientists to construct virtual worlds 
in which some of the complex and interdependent con- 
cepts of a scenario can be captured and their interactions 
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or causal relationships modelled. Knowledge representa- 
tion in these maps has an acquisition-processing trade-off. 
FCMs, by providing a fuzzy graph structure for systematic 
causal propagation and ease in processing fuzzy knowl- 
edge, are applicable in soft-knowledge domains such as 
the social sciences. At the core of the FCM structure are 
the concepts to be studied and modelled. Concepts can be 
understood to represent actors or the parts of the environ- 
ment which have impact on some phenomenon of interest 
(and each other), such as those included in the simple 
FCM of heart disease illustrated in Figure 2. 

The concepts, determined empirically, which relate to 
heart disease in this model include: exercise (E), food 
habits (FH), cholesterol (C), blood pressure (BP), and body 



weight (BW). The links, directionally joining the concepts, 
represent the fuzzy causal relationships. 

Concepts which have no impact on other concepts are 
not represented via links on the map, however are repre- 
sented in the subsequent constructed adjacency matrix W 
and denoted, 0. 



W = 
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Figure 2 Example of a simple FCM to assess hieart disease. 
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As can be seen in Figure 2, there is no direct effect of 
BW on C and therefore no hnk is drawn between these 
two concepts. The weight values {—1, 0, 1} are used at this 
stage for simplicity and testing the FCM and are later 
refined through the application of empirical linguistic 
terms and modifiers processed through FL. 

The use of an FCM is particularly advantageous for 
graphically representing the interacting relationships of 
concepts which appear in phenomena related to social 
science, political science, organizational theory, military 
science, and international relations [8]. The connection 
matrix, W, may also be defined algebraically, demonstrat- 
ing the influence concepts have on one another [7]. 

Let us denote the concepts of a system as Q. Then the 
value Ai, of a concept Q, expresses the quantity of its cor- 
responding physical value. The FCM converges to a steady 
state when: 



\Aiik + 1) - Ai(k)\ < e 



(1) 



At each step, the value Ai of a concept is influenced 
by the values of concepts-nodes connected to it and is 
updated according to the following formula: 



N 



>l,(Ar + 1) =/ ( ^ Aj(k)Wjij , with Wii = 1, 



(2) 



where Ai{k) is the value of concept C, at step k, Aj{k) is 
the value of concept Cj at step k, W},- is the weight of the 
interconnection from concept Cj to concept C,- and / is the 
threshold function used to bound the transformation to a 
limit cycle. In this example,/(;<:) is a sign function defined 
in MATLAB [9] with the following functionality: 



nx) = 



-I, X <0 

0, x = 0 

1, X > 0 



(3) 



Following our heart disease example, consider: the con- 
cept, E, is active for some individual. Therefore, E = 1. No 
information is available for all other concepts in the map. 
Therefore, FH = 0, C = 0, BW = 0, and BP = 0. This 
is expressed by a vector Ci = (1, 0, 0, 0, 0, 0). According to 
equations 2 and 3, the processing is listed in Table 1. 

The right arrow indicates the threshold function opera- 
tion in Equation 3. The above results demonstrate that it 
takes four steps for the system to converge to a stable state 
(limit cycle). The vector C4 demonstrates that the increase 
in E eventually leads to decreases in C, BW, BP, and HD. 



The FCM created for our study provides a graphi- 
cal description of homelessness and facilitates increased 
understanding of this complex social problem. Through 
simulation, the usefulness of such a model is demon- 
strated and implications for its use in policy decision- 
making are explored. As shown, FCMs related to complex 
social problems, allow for refinement of knowledge 
through graphical understanding and simulations that 
may be useful in improving social policies with the goal of 
reducing homelessness. 

Methods 

Virtual common-sense map of homelessness 

First a virtual common-sense map was built based on 
the researchers' personal and historical knowledge of 

the factors which they perceived to affect homeless- 
ness. Using homelessness as the central hub of the map, 
concepts which directly or indirectly, positively or nega- 
tively affected homelessness, and each other, were linked 
through directed edges. Each edge was assigned a weight 
depending on whether the antecedent concept exerted 
a positive effect (+1) or a negative effect (—1) on the 
consequent concept (Figure 3). Three prototypical cases 
were then developed and the model was run to ensure 
it would function in accordance with the determined 
relationships prior to the actual weights on the edges 
being refined through a literature search for the linguistic 
terms. 

Experimentation: Virtual common-sense map 

Experimentation with the virtual common-sense model 
was conducted to ensure that it would perform as 
expected and reach a stable state after iterating prior to the 
input of the actual weight values. Sample cases were con- 
structed with the goal of describing an extreme case, most 
likely to result in homelessness; an extreme case, least 
likely to result in homelessness; and a middle case, more 
closely representing the possibilities of the real world, in 
which the likelihood of homelessness would be uncertain, 
see Table 2. 

• Case 1 : In this scenario, the protective factor of rental 
subsidy was incapable of preventing the negative 
social factors, criminal justice system involvement, 
addictions, and mental illness from overwhelming the 
model - resulting in certain homelessness. 

• Case 2: In this scenario, the protective factors of 
education and increased income resulted in the 



Table 1 FCM processing when excercise = 1 



C2W 
C3W 



(0,0,-1,-1,0,-1) 

(0,0,-1,-1,-1,-3) 

(0,0,-2,-1,-1,-4) 



(1,0,-1,-1,0,-1) 

(1,0,-1,-1,-1,-1) 

(1,0,-1,-1,-1,-1) 



C2 
C3 
C4 



^C3 
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Criminal Justice System 
Involvement/incarceration 



Cost of 1 f Population 1 f NGO ] f 
Housing J J — j — ' 



Minimum 
Wage 



^ _ ^ Temperature j 
[ income ] 




[crime ] L 



[ Poverty j< 



[ Unemployment j 



Figure 3 Virtual common-sense map of homelessness. 



elimination of the need for non-government 
assistance and a decrease in the likelihood of criminal 
justice system interaction. This is a highly likely 
outcome given that those with higher incomes and 
education are better able to identify and seek help for 
their mental illnesses which increases the likelihood 
that they will avoid incarceration. However, the 
strength of income and education as protective 
factors against increasing mental illness is shown to 
be ineffective and the level of mental illness continues 
to rise. Despite the increase in mental illness, 
education and income will ensure an ongoing ability 



to provide shelter, resulting in homelessness being an 
extremely unlikely outcome. 
• Case 3: In this scenario, at the end of iteration 1, the 
effects of addiction, prior criminal justice system 
involvement, and family breakdown are held at bay 
by the protective factors of income, education and 
counselling. However, due to the known cumulative 
negative effects of addiction, social isolation 
increases, signalling the likelihood that, over time, 
there will be an increased possibility of family 
breakdown and greater challenges controlling the 
addiction resulting in the increased likelihood of 



Table 2 Summary of expected outcome, concepts activated and iteration process for three sample cases 



Case 


Concepts activated 


Outcome 


Case 1: Extremely likely to 
result in homelessness 


Criminal justice system involvement, addic- 
tions, mental illness, rental subsidy 


Iteration 1: homelessness = 1; all other concepts, stable. 
Conclusion: extremely likely to result in homelessness. 


Case 2: Extremely unlikely to 
result in homelessness 


Education, mental illness, non-government 
organization, and income assumed to be 
high 


Iteration 1 : homelessness = -1 ; increase in education; decrease 
in poverty, unemployment, and government assistance; all 
other concepts, stable. Iteration 2: homelessness = -1 ; increase 
in education and mental illness; decrease in crime; and all other 
concepts, stable. Iteration 3: homelessness = -1; increase in 
education, and mental illness; decrease in crime and criminal 
justice system involvement; all other concepts stable. Conclu- 
sion: extremely unlikely to result in homelessness. 


Case 3: Uncertain likelihood 
of homelessness 


Criminal justice system involvement, addic- 
tion, family breakdown, increased income, 
education, and social systems network. 


Iteration 1: homelessness = -1; increase in addiction, crim- 
inal justice system involvement, family breakdown, income, 
counseling, crime, and social isolation; decrease in poverty. 



unemployment, and government assistance. Iteration 2: home- 
lessness = -1-1; increase in addiction, criminal justice system 
involvement, family breakdown, income, counseling, crime, 
and social isolation; decrease in poverty, unemployment, and 
government assistance; all other concepts, stable. Conclusion: 
uncertain likelihood of homelessness. 
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crime. Iteration 2 demonstrates the actions of all the 
concepts present in iteration 1 continuing to exert 
force on the model with the addition of an increase in 
mental illness caused by the ongoing addiction 
resulting in an increasing likelihood of homelessness. 
As the model continues to iterate, the addictions 
contribute to increasing social isolation and criminal 
behavior resulting in a greater likelihood of family 
breakdown. At this point the protective factors of 
education, income and counselling are overwhelmed 
by the ongoing addictions and resulting mental illness 
and crime and the likelihood of homelessness rises. 
However, given that education and income continue 
to exert force, homelessness is not a certainty. 

Given the fully explainable results of the model and the 
fact that it was able to achieve stability after iterating, it 
was determined that the model functioned properly, and 
the process of refining the concepts through the search of 
timely empirical literature was conducted. 

Fuzzy Cognitive IVlap of homelessness supported by 
empirical studies 

To refine the edge weights on the FCM, timely, empir- 
ical literature was searched. The original causal map 
was referred to for the paired concepts such as, edu- 
cation and homelessness. These linked terms were then 
searched using the academic search engine, Google 
Scholar. Numerous articles were retrieved and scanned for 
each pair of linked concepts using only recently published 
(since the year 2000), peer reviewed, empirical articles. 
This culminated in the capture of three linguistic state- 
ments per concept pair for use in refining the map (see 
Table 3). Linguistic statements were required to be in 
the antecedent - consequent form as earlier described. 
In the process of searching, paired concepts were refined 
(edges and concepts added and removed from the virtual 
common-sense map Figure 3 after though deliberation 
with research team ) resulting in a final map of 14 con- 
cepts and 31 edges (Figure 4). To maintain the semantic 
consistency amongst various concepts, Oxford Canadian 
Dictionary [10] was followed. 

To calculate the quantitative weight values for each 
edge, first the qualitative weight values for each of the 
retrieved linguistic terms was assessed. A Likert-type 
scale was devised to determine the qualitative weight of 
each linguistic term. The values. Very Low (VL), Low (L), 
Medium (M), High (H), and Very High (VH) were used 
to categorize each term. We only consider five qualita- 
tive values for the sake of simplicity. However, the scale 
could be less or more than five, depending on the intri- 
cacies of the system under consideration. Consensus on 
meaning was achieved through discussion and vote. This 
process resulted in a scale of ordered and ranked values 



for each concept pair. For example, it might be stated in 
one peer-reviewed study that the effect of concept A on 
concept B was, "profound"; whereas another article may 
state that the effect was, "significant" These statements, 
"profound" and "significant" would be then ranked on the 
Likert- type scale in reference to their absolute mean- 
ing as well as their relative meaning. Thus, "profound", 
would be valued as VH and "significant" would be valued 
as H. In the case of disagreement or uncertainty regard- 
ing the precise meaning of the words, Oxford Dictionary 
Online was referenced for definitions and synonyms. A 
word bank was constructed during this process listing 
all the retrieved terms for both comparative reference 
and to ensure consistency in the rankings, see Table 4. 
Once the different qualitative weight values were deter- 
mined for each linguistic term, they were then collected 
into their groups of three and applied to the revised 
FCM. 

Subsequent to the information from the literature 
review having been transferred to the FCM, the resulting 
map contained the concepts, the antecedent - conse- 
quent relationships indicated via edges, the weight value 
of each edge (five qualitative, linguistic terms - VL, L, 
M, H, VH), and the sign value showing the type of the 
influence (+ or — ). Following the application of the qual- 
itative values to the FCM the values were then converted 
to quantitative weight values using FL theory. Each link 
was first expressed as a fuzzy rule then used in the 
Fuzzy Inference System (FIS) to generate a crisp numeric 
value. For example, if the linguistic term retrieved from 
the literature was: "The impact of concept A is pro- 
found on concept B". It would then be converted to: "The 
impact of concept A is VH on concept B". This graded 
statement would then be transformed using the rule 
statement: 

IF < A is ON> THEN< B is VH> 

The linguistic term ON is a binary variable. VH is 
defined using the triangular fuzzy membership function, 
as shown in Figure 5. ON denotes the presence of the 
concept and VH denotes the weight value (qualitatively). 
For simpUcity sake, triangular membership functions have 
been used as suggested in [85]. Interested readers can 
find more detailed explanation on membership functions 
in [86]. 

• Example 1: As explained in the previous section, all 
qualitative values assigned to the edges came from 
the literature review. As shown in Figure 6, 
"addiction" has a positive impact on homelessness. 
This means that an increase in addiction in a society 
will lead to an increase in levels of homelessness. The 
three linguistic terms related to "addiction", extracted 
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Table 3 Linguistic terms and the references 



Edge of the FCM 


Type of Influence 


Reference 


Keywords 


Linguistic terms 






[11] 


Significantly Associated 


High 


aS(2)->- Homelessness(l) 


Positive 


[12] 


Appear to increase 


Medium 






[13] 


Much more likely 


High 






[14] 


significantly increase 


Very high 


aS(2) Poverty(3) 


Positive 


[15] 


Most important 


High 






[16] 


Significantly positive 


Very High 


as(2)^ 

Unemployment(4) 




[17] 


Significantly lower 


Very high 


Positive 


[18] 


Can diminish but not 
necessarily 


Low 






[19] 


Relatively low 


Medium 


aS(2) Family 
Breakdown(9) 


Positive 


[18] 
[20] 

[21] 


Significant correlates 
Tremendous strains 

Important causal factor 


High 

Very high 
High 


Poverty(3) 
Homelessness(l) 


Positive 


[5] 

[22] 


Significantly and indepen- 
dently 

Run a great risk 


High 
High 






[23] 


May experience 


Low 






[24] 


Good chance 


Low 


Poverty(3) Addiction(7) 


Positive 


[25] 


Might be more limited 


Low 






[26] 


Likely to 


Low 


Unemployment(4) 
Homelessness(l) 


Positive 


[11] 
[27] 
[28] 


More likely 
Primary risk factor 
Did not predict 


Medium 
Low 

Very low 


Unemployment(4) ->■ 

Government 

Assistance(13) 


Positive 


[29] 

[30] 

[31] 


Play an important role 

Substantial 
Substantially 


High 
High 

High 


Education(5) 
Homelessness(l) 


Negative 


[5] 

[32] 

[22] 


Thereby increase 

Rectricts 

Run a great risk 


Medium 

Low 

High 






RSI 


Strnnn nn<sitivp mrrelatinn 


High 


Education(5) Poverty(3) 


Negative 


[34] 


Vital 


Very high 






[35] 


Powerful instrument 


High 


Education(5) 
Unemployment(4) 


Negative 


[36] 
[37] 

[38] 


Significantly increases 
Much higher 

Strong determinant 


Very high 

High 

High 






[39] 


Strongly correlated 


High 


Education(5) ->■ lncome(6) 


Positive 


[40] 


Strong positive 


High 






[41] 


Thwarted/an important 
means 


High 


lncome(6)->- 
Homelessness(l) 


Negative 


[13] 
[42] 
[41] 


Significantly and strongly 
Strong 

Most effective 


Very high 

High 

Medium 


Addiction(7) 
Homelessness(l) 


Positive 


[5] 
[43] 


Independently associated 
Key factor 


Medium 
High 
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Table 3 Linguistic terms and the references (Continued) 



[44] 



Statistically significant 



Very high 



Addiction(7) aS(2) 



Addiction(7) Mental 
lllness(IO) 



Positive 



Positive 



[11] 
[45] 
[46] 
[47] 
[48] 
[49] 



Major contributor 
More likely 
Extensive 
Increased risl< 

Strong evidence 
More likely 



High 
Medium 
Very high 
Medium 

High 
Medium 



Addiction{7) Family 
Breakdown(9) 



Social Systems Network(8) 
Addiction(7) 



Positive 



Negative 



[50] 
[51] 
[51] 
[52] 
[53] 
[54] 



Critical 

Significant connection 
Strong connection 
Less likely 
Benefit 
Lower levels 



Very high 

High 

High 

Medium 
Medium 
Medium 



Social Systems Network(8) 
->■ Family Breakdown(9) 



Negative 



[55] 
[56] 
[57] 



Small, short lived 

Effective 

Effective 



Very low 

Medium 
Medium 



Family Breakdown(9) - 
Homelessness(l) 



Family Breakdown(9) - 
Addiction(7) 



Positive 



Positive 



[58] 
[59] 
[60] 
[50] 
[50] 
[51] 



More prominently 
Significant proportion 
Increased risk 
Profound effect 
Usually 

Strong connection 



Very high 

High 

Medium 

Very high 

Medium 

High 



Family Breakdown(9) - 

Childhood 

Homelessness(12) 



Mental lllness(lO) - 
Homelessness(l) 



Mental lllness(lO)- 
CJS(2) 



Positive 



Positive 



Positive 



[61] 
[62] 
[63] 
[5] 

[44] 
[45] 
[64] 
[65] 
[45] 



Highly predictive 
Important role 

Most common 

Significantly and 
independently 

Not significant 

A risk factor 

Significantly more 

May trigger 

Independently associated 



High 
High 

Medium 
High 

Low 
Low 

Very high 

Low 

Medium 



Mental lllness(lO)- 
Addiction(7) 



Mental lllness(lO) 
Family Breakdown(9) 



Non-Government 

Assistance(ll) 

Homelessness(l) 



Positive 



Positive 



Negative 



[66] 
[67] 
[49] 
[68] 
[69] 
[70] 
[71] 
[72] 
[73] 



Significantly more likely 
Remain problematic 
Common and of concern 
Significant correlates 
Increases chances of 
Strongly associated 
Crucial 

Address needs 
Considerable 



Very high 

Medium 

Medium 

High 

Medium 

High 

High 

Low 

Medium 



Childhood 
Homelessness(12) - 
Education(5) 



Negative 



[74] 
[75] 
[76] 



At risk 
Restricts 

Strong evidence 



Medium 
Medium 
High 
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Table 3 Linguistic terms and the references (Continued) 


Government 




[77] 


Widely used to support 


IVledium 


Assistance(13) 


Negative 


[78] 


Associated 


Medium 


Homelessness(l) 




[79] 


Most effective 


Very high 


Costof Hou5ing(14) -j- 
Homelessness(l) 


Positive 


[80] 
[44] 


Positive/negative and 
significant 

Not important 


High 
Very low 






[81] 


Implicated 


Medium 


Poverty{3) -> Family 
Breal<down(9) 


Positive 


[82] 
[83] 


Not uncommon 
Associated with 


Medium 
Medium 






[84] 


The bulk of responsibility 


High 



from the literature, were converted to the fuzzy 
notion of rules as follows: 

IF < Addiction is ON> THEN < Homelessness is M> 
IF < Addiction is ON> THEN < Homelessness is H> 
IF<Addiction is ON>THEN<Homelessness is VH> 

The degree of impact was then converted from its 
qualitative value (M, H, VH) to its quantitative value 
of 0.648 using FL concepts as described in [87]. All 
three studies indicated that as levels of addiction 
increase they exert a positive effect resulting in 
increases in levels of homelessness. Therefore, it can 
be stated that addictions affect homelessness by a 
factor of +0.648. 
• Example 2: As shown in Figure 7, education has a 
negative effect on homelessness. This means that 
with higher levels of education in a society there will 
be lower levels of homelessness. Therefore, the 



impact of education on homelessness is modeled as 
negative - increases in education lead to decreases in 
homelessness. All literature scanned indicates that as 
education rises, homelessness falls. The first study 
stated that the impact of education on homelessness 
was low, the second, medium, and the third, high. 
This information is captured to construct a rule base 
for a Fuzzy Inference System (FIS). For each edge, we 
constructed an individual FIS and the defuzzified 
value, in this case 0.5, is assigned to the edge. More 
information about the procedure can be found in 
[87-90]. 

IF < Education is ON> THEN< Homelessness is L> 
IF < Education is ON> THEN< Homelessness is M> 
IF < Education is ON> THEN< Homelessness is H> 

Similarly, each edge was given a quantitative weight 
by converting the qualitative values gleaned from the 
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Table 4 Categorization of linguistic terms extracted from literature 

Very low Low Medium High 



Very high 



Did not predict, Might be more limited, 
not important, lil<ely to, a risl< factor, 
small and short address needs, good 
lived chance, can diminish 

but not necessarily, lack, 
leads to, disadvantage, 
to restriction, leads to, 
likely, may experience, 
may trigger, might be, 
not significant primary 
risk factor, risk, risk factor 



Appear to increase, associated, 
at risk, benefit, common and of 
concern, considerable ongo- 
ing, cope, effective, implicated, 
increase risk, increases chances 
of, independently associated, 
less likely, lower levels, more 
difficult, more likely, most 
common, most effective, not 
uncommon, relatively, rel- 
atively low rates, remain 
problematic, restricts, thereby 
increase, usually, widely used 
to, support, associated with 



Crucial, highly predictive, impor- 
tant role, important causal factor, 
important means, key factor, 
major contributor, most impor- 
tant, much more likely, much 
higher, play important role, pos- 
itive and significant, powerful, 
powerful instrument, significant 
correlates, significant, independent 
significantly associated, significant 
proportion, statistically significant, 
strong, strongly associated, strong 
connection, strong correlation, 
strong determinant, strong effect, 
strong evidence, substantial, bulk 
of, positive/negative and signifi- 
cant, significant connection, strong 
positive, strong positive correlation, 
run a great risk, thwarted 



Critical evidence indicates, exten- 
sive, more prominently, most 
effective, profound, significant and 
positive, significantly and strongly, 
significantly increase, significantly 
lower, significantly more, signif- 
icantly more likely, statistically 
significant, tremendous, very high, 
vital 



literature search. Once all links on the map had been 
fully articulated with the rankings of each of the 93 
linguistic terms (three for each link), we refined the 
virtual FCM (shown in Figure 4) by substituting 
quantitative values for the previous qualitative values 
(see Figure 8). 

Results 

Experimentation with the weighted Fuzzy Cognitive Map 

Experimentation with the weighted FCM was conducted, 
(see Algorithm 1), to ensure that it would perform as 
expected and that the map had captured the dynamics of 
the factors which affect levels of homelessness. We applied 
tank = ^2^~| as the transformation function / of Equation 
2. This choice is made as we are interested in understand- 
ing the impact of increase or decrease of initial concept 
values on the overall stability of the map [91]. 



Algorithm 1 Basic structure of FCM Algorithm. Vector- 
ized calculations are performed [92]. 
Require: A (concept initial values between 0 and 1 in a 
1 X « matrix); W (weights between concepts (—1 to 1) 
in an « X « matrix); m (maximum number of steps if 
concept is not convergent); e (convergence condition) 
Ensure: C (values of each concept along the procedure) 
1: for i = 1 ^ mdo 

3: Ai:„ ^ tanh{Ai-„ x Wi;„,\-„) 
4: if J] \Ai,„ - Q,i:„| < e then 

6: Exit Loop 
7: end if 
8: end for 



Prototypical scenarios, similar to those used for the sim- 
plified FCM (Figure 3), were constructed with the goal of 
finding the extreme case most likely to result in homeless- 
ness, the extreme case least likely to result in homelessness 
and several middle cases, more closely representing the 
possibilities present in the real world, where levels of 
homelessness are less certain. 

The output of each prototypical case was interpreted 
through knowledge gleaned during the literature 
search/scan and the opinion of the criminologist- 
researcher on the team. Each example case had a variety 
of concepts activated at varying levels. The models were 
then permitted to iterate as necessary to reach a stable 
state (no further movement, positive or negative, for all 
concepts in the model). Final iterations are reported for 
each model. 

• Case 1: Most likely to result in homelessness. The 
concepts of addiction, family breakdown, government 
assistance, and mental illness were activated at levels 
considered sufficiently high to dominate the system 
leading to certain homelessness as shown in Table 5. 
It has been empirically determined that these 
concepts are often found together and often precede 
homelessness [52,70,83]. Addiction and mental illness 
are often co-morbid and both commonly precede 
family breakdown [51]. During times of increased 
addiction and mental illness in society it is the usual 
reaction of the government to put into place policies 
and funding which will address these problems [93]. 
Tracking the effect of these concepts at strengths set 
to approximately 0.50, the graph initially shows that 
government assistance is at a lower rate and then 
sharply rises to address the increasing levels of 
addiction, mental illness, and family breakdown in 
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the modeled society. However, it takes little time 
before the triple threat of addiction, mental illness 
and family breakdown overwhelm the system and 
levels of homelessness rise dramatically where they 
remain at a steady, high rate (indicated by the flat line 
at the top of the graph. Figure 9). 
• Case 2: Least likely to result in homelessness. The 
concepts of addiction, education, income, family 
breakdown, and social network support were 
activated at levels considered sufficiently high to 
dominate the system leading to a certain outcome of 
no homelessness as shown in Table 6. In this case, the 
protective factors of education, income, and social 
network support protect society from the negative 
effects of addiction and prevent homelessness. The 
link between higher levels of education and higher 
levels of income have been well documented [72]. 
Given that education prepares individuals to think 
creatively and to problem-solve, it is surmised that 
those with higher levels of education would have a 
greater ability to negotiate the complex rules that 
often are associated with government assistance. 
Those who are wealthy and educated are also much 
more likely to be capable of identifying and acquiring 
the services they might need, such as being able to 
pay for family counseling rather than being 
wait-listed for government supplied family 
counseling. 



From Figure 10, it is noted that this model shows a 
initial dip in levels of income and education in the 
first iterations as society attempts to deal with the 
addictions and threat to family cohesion that result 
from the addictions. However, very quickly, the 
protective factors of income, education, and social 
network support overwhelm the negative factors and 
the threat of homelessness diminishes and remains at 
levels close to zero (as indicated by the flat line at the 
bottom of Figure 10). Over time, the threat of family 
breakdown is also eliminated and income and 
education both rise back to their initial levels. 
This second model demonstrates the critical 
importance of factors such as income - which lead to 
health, acquisition of knowledge, better food and 
health care; and education - which lead to wealth and 
all the positive factors which wealth can purchase. 
Though addictions are shown as present in this 
modeled society, the low levels are unable to 
overwhelm the model. Through model testing it 
became apparent that levels of addiction lower than 
0.30 often fail to overwhelm the positive factors, as 
long as social support and education are both present 
at fairly high levels, see Figure 10. Much of the 
empirical literature support this [41,59,78]. Those 
with high levels of social support such as family, 
church, social groups, community groups, school 
friends and community friends are often better able 



Addiction 



+IVI, H, VH 
Figure 6 Impact of addiction on homelessness. 




Education 



Homeless- 



- L,M, H ^ 

Figure 7 Impact of education on homelessness. 
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to weather threats such as addictions and family 
breakdown. 

Case 3: Uncertain outcome of homelessness. In this 
model, we activated low levels of addiction and social 
network, high levels of education and income, and 
moderate levels of family breakdown as shown in 
Table 7. In this case, the protective factors of 
education and income delay the onset of 
homelessness but are insufficiently strong to prevent 
rising levels as the model iterates. Over time, due to 
family breakdown and the diminishing social network 
support, addictions begin to rise and as addictions 
rise, the likelihood of homelessness rapidly increases. 
This model demonstrates, once again, the 
importance of family and social support as well as the 
incredibly negative effects of drug addiction, both as a 
cause and result of family breakdown. 
As in the case of the common-sense map of 
homelessness (Figure 3), this final model (Figure 11), 
acted in a manner which was fully explainable based 
on information acquired during the literature search 
and prior knowledge of the research team. This 
allowed for confidence that the model was 
functioning as it ought to and that we had captured 
not only a number of the integral aspects which 
contribute to homelessness, but that they were 



functioning in the direction and strengths which 
approximated real-life conditions. 

Analysis of network concepts 

The purpose of this network analysis is to compare the 
degree of impact each of the concepts exerts on the model. 
During network analysis, we varied the initial value of a 
single concept from 0.1 to 1 while keeping the initial val- 
ues of all other concepts at a static level; except for the 
concept representing homelessness. After several itera- 
tions, the value of homelessness was recorded. Then, for 
each factor, a plot of the value of homelessness versus the 
initial value of the concept was recorded. Ideally, for a fac- 
tor with a positive effect on homelessness, the value of 
homelessness should increase as the value of the factor 
increases, gradually converging to a positive value. Con- 
cepts which have the reverse - a negative effect on home- 
lessness, should demonstrate a decrease in homelessness 
as they are increased. Concepts which have higher conver- 
gent rates should demonstrate a greater impact on levels 
of homelessness. 

To conduct the network analysis we first set the initial 
values for all concepts at a level of 0.5 and checked the 
levels of homelessness after 5 iterations. At this level and 
number of iterations, the majority of the plots resulted in 
a straight line at a value of +1. This told us that the initial 



Table 5 Simulating the result for case 1 









Activated concepts 






Addiction 


Family breakdown 


Government assistance 


IVIental illness 


Inital values 


0.65 


0.57 


0.46 


0.61 
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value of the factor (0.1 to 1) made no difference on levels of 
homelessness and, obviously, was no help to our analysis. 
After analyzing the map, we tried reducing the level of the 
initial values for all concepts as well as reducing the num- 
ber of iterations. Through a gradual reduction process we 
found that by setting the initial concept values at 0.01 and 
running three iterations we were able to generate reason- 
able and useful plots (see Figure 12) which could then be 
compared for effects on levels of homelessness. 

Plots can be examined in pairs or groupings so that 
the effect of the concepts on levels of homelessness can 
be compared for both intensity and speed. For exam- 
ple, in comparing the plots for, "Addictions" and, "Cost 
of Housing" it can be seen that they both are mono- 
tonically increasing. However, the plot for "Addictions" 
demonstrates a more dramatic increase, resulting in a 
quicker convergence to +1 than does the plot for "Cost of 
Housing" Therefore it can be concluded that addictions 
have a greater impact on homelessness than does cost of 
housing. 

Another way to visually analyze the impact of vari- 
ous factors on homelessness is through box plota (see 
Figure 13). Making the same comparison, "Addictions" 
to "Cost of Housing" it can be seen that the plot of 
"Addictions" has a narrower median and longer lower 
quantile. The size of the box determines the variability 
of concepts, for instance, the size of the box of "Cost of 



Housing" is greater than size of the box of "Addictions" 
indicating that the impact of housing cost is more variable 
and hence not a strong indicator [94]. 

Measure ofcentrality 

Another approach to analyze the most influential factor is 
through measures ofcentrality. There are also other mea- 
surements for analyzing an FCM, but here we focus on 
this property. In this subsection, we describe the results of 
the analysis based on two types of centrality: degree cen- 
trality and closeness centrality. Degree centrality of each 
node/concept, in a given weighted and directed graph, is 
defined as the sum of the absolute values of the weights 
of the outgoing and incoming edges [8,95]. For the node, 
X, of the graph G =< V,E > the degree centrality is 
mathematically defined as: 

where Wxy and Wyx are the weights of the edge from xtoy 
and the edge from j to x, respectively. Degree centrality of 
a graph indicates how strongly a concept node in a FCM 
affects other concept nodes of the graph [96]. 

Closeness centrality of a node is the inverse of the sum of 
the lengths of the shortest paths between that node and all 
other nodes. For the node, x, of the graph G =< V,E >, 
the closeness centrality is mathematically defined as: 



Table 6 Simulating the result for case 2 









Activated concepts 








Addiction 


Social network support 


Education 


Family breakdown 


Income 


Initial values 


0.30 


0.61 


1.0 


0.30 


0.72 
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where dxy denotes the length of the shortest path from 
node X to node y. Closeness centrality indicates how 
quickly a concept node affects other nodes of the FCM 
[96]. 

Note: For closeness centrality the distance measured 
between each pair of nodes is the inverse of the weight of 
the corresponding edge in the FCM. If there is no edge 
between nodes then the distance from the one node to 
the second node would obviously be infinite. Since the 
FCM is not strongly connected, the length of the short- 
est path for some pairs of nodes is, in fact, infinite. This 
then causes the closeness centrality for that node to drop 
to zero. For example, the length of shortest path for each 
node to the node, "Cost of Housing", is infinite. This 
makes the centrality of all nodes to be zero. To conquer 
this problem, we choose a numerical value which is large 
enough to be considered as an infinite value. Since the 
distance measure between each pair of nodes is defined 
as the inverse of the weight between the nodes of the 
FCM, the greatest distance between each two nodes would 
be 4. This value is corresponding to the edge between 
"poverty" and "addiction" whose weight is 0.25. The FCM 
has 14 concepts, thus each path of the FCM will, at most. 



have 13 edges. Therefore, the length of each path will 
be at most 4 x 13 = 52, which is still an overesti- 
mation of the paths in the graph. Regarding this value, 
we picked 100 as an large enough value. This approach 
is similar to the Big-M method described in operation 
research theories [97]. Please note that changing 100 to 
a greater value, may change nodes' closeness central- 
ity, but the order of the nodes' closeness centrality will 
not change. 

The result of the degree and closeness centrality com- 
putation in our FCM is displayed in Table 8. As shown, 
the concept "Education" has the greatest degree central- 
ity while the concept "Cost of Housing" has the least. This 
means that "Education" gives and receives the greatest 
direct influence on all other concepts, whereas "Cost of 
Housing" gives and receives the least. Closeness centrality 
was determined to act similarly to degree centrality in that 
"Education" has the greatest amount of degree centrality 
whereas "Cost of Housing" has the least. This means that 
"Education" exerts the greatest force on the map in refer- 
ence to closeness centrality with changes in "Education" 
resulting in the most prominent changes in the other 
concepts. Likewise, changes in "Cost of Housing" would 
result in the least amount of change in all other concepts. 
These results are consistent with the results of the overall 
experiment. 



Table 7 Simulating the result for case 3 









Activated concepts 








Addiction 


Social network support 


Education 


Family breakdown 


Income 


Inital values 


0.20 


0.11 


0.94 


0.51 


1.0 
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Discussion 

This study demonstrates the efficacy of using FCM to 
graphically represent and simulate the actions and inter- 
actions present in the social, personal, and structural 
factors related to homelessness. The FCM is particularly 
suited to modeling this type of problem due to its ability 
to incorporate vast amounts of information, synthesiz- 
ing what is known about a problem and then allowing 
for meaningful simulations. The FCM is particularly suit- 
able due to its dynamic nature and ability to simulate 
potential policy changes and show predicted outcomes 
on levels of homelessness. Further, the FCM helps to 
identify those factors that exert the greatest impact in 
a complex system, in this case: affordable/appropriate 
housing, access to social support services for those 
with addictions/mental illness, family support for those 



with children, positive community support and rental 
supplements. 

The problem of homelessness is really situated in fac- 
tors that occur at the micro-, meso-, and macro-levels 
of society; future research should aim to refine the FCM 
by sorting factors into their appropriate levels thereby 
allowing differentiation between what the individual is 
potentially capable of controlling and that which he or 
she is not. This would allow for clearer identification of 
where government policy changes would have the great- 
est effect. Future refinements must also capture the effect 
of time. Many factors affect the system differently as 
time progresses (i.e., unemployment insurance) and this 
would help to make the system more closely replicate 
reality. Future maps may also wish to include factors 
which affect the system but which did not make it into 
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Figure 1 2 Comparison of the affects of individual concepts on levels of homelessness (a) shows the impact of Addiction, Criminal Justice 


System, Cost of housing and Social Network on Homelessness (b) highlights the impact of Education, Family Breakdown, Government 


Assistance and Income on Homelessness and (c) depicts the impact of Mental Illness, NGO, Poverty and Childhood hardships. 
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1 - 
0.5 - 

0 - 
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Figure 13 Boxplot comparison of the affects of individual concepts on levels of homelessness. 



this one such as early brain injury in childhood, sex- 
ual/physical/emotional abuse in childhood, and learning 
disabilities - all of which have been shown to affect levels 
of homelessness. 

The initial construction of this map demonstrated the 
disparity between the empirical truth of homelessness 
and what the researchers had learned over a lifetime 
of media and social propaganda. This has implications 
for government policy-making and, again, demonstrates 

Table 8 Degree centrality and closeness centrallty of 



every concept 



Concepts 


Degree 
centrality 


Closeness 
centrality 


Criminal Justice System Involvement 


3.0485 


9.9514 


Poverty 


2.0451 


83195 


Unemployment 


2.3763 


9.0566 


Education 


5.4201 


11.1514 


Income 


1 .3978 


8.3441 


Addiction 


3.7027 


9.9533 


Social Support Network 


0.8656 


9.1302 


Family Breakdown 


2.2862 


9.9533 


Mental Illness 


2.2609 


9.9445 


NGO 


0.5000 


8.3472 


Childhood Homelessness 


1 .2500 


8.3445 


Government Assistance 


1.3844 


8.3443 


Cost of Housing 


0.4984 


8.3194 



the usefulness of FCMs for describing complex social 
problems such as homelessness. 

Conclusion 

The FCM built to model the complex social system of 
homelessness reasonably represented reality for the sam- 
ple scenarios. This provided evidence that FCMs are a 
viable alternative for conceptualizing homelessness and 
that a literature search of peer reviewed, academic lit- 
erature is a reasonable foundation upon which to build 
the model. Further, it was determined that the direction 
and strength of relationship between concepts included in 
this map are a reasonable approximation of their action 
in reality. However, the concept, homelessness, in this 
study, is used as a consequent variable. In reality, many of 
the concepts including homelessness concept could be an 
antecedent concept resulting in more complex loops. The 
flexibility of limiting the complexity is one of the advan- 
tages of constructing and using FCMs for social science 
research. 

Dynamic modeling does, however, have its limitations 
and this work should be regarded as purely exploratory. 
For one, by basing our concepts off of peer reviewed lit- 
erature that was searched semi-systematically there is a 
possibility of not capturing all possible terms. Future work 
should search for papers and terms in a similar fash- 
ion as systematic or scoping reviews where inclusion and 
exclusion criteria are highly scrutinized and analyzed by 
several research team members. A second limitation con- 
cerns the interpretation of the results from the FCM. 
FCMs, and dynamic models more broadly, have the luxury 
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of experimenting with problems in an environment that 
is encapsulated from the real-world. It should be noted 
that every societal issue carries with it its own contex- 
tual element that cannot always be captured by a modeling 
environment. Further, FCMs do not fully replicate the 
mirco-level interactions that may prove to be powerful 
in determining meso- and macro-level outcomes. Future 
work should aim to incorporate these influences in to 
their models and interpretations as best possible. Lastly, 
dynamic models are exploratory and we can not reason- 
ably assume that outcomes presented in this research will 
be realized in the real world. 

This research provides empirical support for the use- 
fulness of this model, not only for researchers and social 
scientists, but for others who reside within a society where 
homelessness is experienced. This model is based on a 
limited collection of published, peer reviewed scholarly 
articles but despite this limitation, does justify the use 
of FCM techniques as a useful tool to analyze the com- 
plex situation of homelessness. The role of FCM for the 
purpose of modelling complex social systems has been 
strongly supported by this research and should continue 
to be utilized in future studies. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

VKM and VD conceived the idea and formulated mathematical model. TW, SN, 
PG, RC and VKM implemented the computational model. HKM, CF wmte the 
paper along with VKM. Ail authors critically analyzed the simulations, reviewed 
the manuscript, read and approved the final version. 

Acl<nowledgements 

Initial work on this research project was conducted during the IRMACS 
Modelling Summer School. This research was supported by the SFU CTEF 
MoCSSy program. We are also grateful for technical support from the IRMACS 
Centre, Simon Fraser University, BC. 

Author details 

^The Modelling of Complex Social Systems (MoCSSy) Program, The IRMACS 
Centre, Simon Fraser University, Burnaby, Canada. ^Department of 
Criminology, Simon Fraser University, Burnaby, Canada. ^Department of 
Geography, Simon Fraser University, Burnaby, Canada. ''Department of 
Mathematics, Simon Fraser University, Burnaby, Canada. ^School of 
Computing Science, Simon Fraser University, Burnaby, Canada. 

Received: 25 July 201 2 Accepted: 12 August 201 3 
Published: 23 August 201 3 

References 

1 . Strand R: Helping the homeless: the struggle between community 
values and political ideologies. Master's thesis, Athabasca Universit/; 
Athabasca, Alberta, 2003. 

2. International Network for Economic, Social and Cultural Rights, NY USA 
[http://www.escr-net.Org/docs/i/l 186570] 

3. Ruggie J: Promotion and protection of all human rights, civil, 
political, economic, social and cultural rights, including the right to 
development. 2008. [http://www.refworld.org/docid/49a5223b2.html] 

4 Metro Vancouver homeless count 201 1 preliminary report. 201 1 . 

[http://stophomelessness.ca] 
5. Shelton KH, Taylor PJ, Bonner A, van den Bree M: Risk factors for 

liomelessness: evidence from a population-based study. Psychiatr 

Serv2009,60(4):465. 



6. Giles BG, Findlay CS, Haas G, LaFrance B, Laughing W, Pembleton S: 
Integrating conventional science and aboriginal perspectives on 
diabetes using fuzzy cognitive maps. Soc So Med 2007, 64(3):562-576. 

7. Dickerson J, Kosko B: Virtual worlds as fuzzy cognitive maps. Presence 
1994, 3(2):1 73-1 89. 

8. Kosko B: Fuzzy cognitive maps. IntJ Man-Macli Stud 1 986, 24:65-75. 

9. Sivanandam S, Sumathi S, Deepa S: Introduction fuzzy logic using MATLAB. 
New York, USA: Springer Verlag; 2007. 

1 0. Barber K: Jlrie Canadian Oxford Dictionary. Canada; Oxford University 
Press; 1998. 

1 1 . Greenberg GA, Rosenheck RA: Jail incarceration, homelessness, and 
mental health: a national study. Psychiatr Serv 2008, 59(2):1 70-1 77. 

1 2. Baldry E, McDonnell D, Maplestone P, Peeters M; Ex-prisoners, 
homelessness and the state in Australia. Tlusr NZJCrim/no/ 2006, 
39:20-33. 

13. Rosenheck R, Greenberg G: IVlental health correlates of past 
homelessness in the national comorbidity study replication. J Hea/t/i 
Care Poor Underserved 201 0, 21 (4); 1 234-1 249. 

1 4. DeFina R, Hannon L; The impact of mass incarceration on poverty. 
Crime Delinquency 2009, 59(4);1 38S-1 59S. 

1 5. Johnson R; Ever-increasing levels of parental incarceration and the 
consequences for children. NY; Russell Sage Foundation; 2009; 1 77-206. 

1 6. Oliver P, Sandefur G, Jakubowski J, Yocom JE; The effect of black male 
imprisonment on black child poverty. Department of Sociology, 
University of Wisconsin, Madison. (2006) [Unpublished manuscript] 
[http//citeseerx,ist.psu.edu/viewdoc/summary?doi=1 0.1 .1.1 50.8586] 

1 7. Western B; Mass imprisonment and economic inequality. Soc Res: IntQ 
2007, 74(2);509-532. 

1 8. Western B, Pettit B; Incarceration & social inequality. Daedalus 201 0, 
139(3);8-19. 

1 9. Freeman R; Can we close the revolving door? Recidivism vs. 

employment of ex-offenders in the US. In Urban Institute Roundtable: 
Employment Dimension sof Prisoner Reentry and Work: Understanding the 
Nexus Between Prisoner Reentry and Work. 2003, New York University Law 
School. [httpy/vvww,urban.org/UploadedPDF/41 0857_freeman.pdf| 

20. Chui W; Pains of imprisonment: narratives of the women partners 
and children of the incarcerated. Child Fam Soc Work 201 0, 
15(2);1 96-205. 

21. Wong SK; Reciprocal effectsof family disruption and crime: a panel 
study of Canadian municipalities. West Criminal Rev 201 1, 12:43-63. 

22. van Laere IR, de Wit MA, Klazinga NS: Pathways into homelessness: 
recently homeless adults problems and service use before and after 
becoming homeless in Amsterdam. BMC Public Health 2009, 9(1 ):3. 
Publisher BioMed Central Ltd. 

23. Benzies K, Rutherford G, Walsh CA, Nelson A, Rook J: Homeless shelter 
residents: Who are they and what are their needs within a context 
of rapid economic growth? Currents: New Scholarship Hum Serv 201 0, 
7:1-18. 

24. Waters J, Roberts A, Morgen K: High risk pregnancies: Teenagers, 
poverty, and drug abuse. J Drug Issues 1997, 27(3):541-562. 

25. Yankauer A: The deadliest plague. Am J Pub Health 1 989, 79(7):82 1 -822. 

26. Buu A, Mansour M, Wang J, Refior SK, Fitzgerald HE, Zucker RA: 
Alcoholism effects on social migration and neighborhood effects on 
alcoholism over the course of 1 2 years. Alcohol, Clin Exp Res 2007, 
31(9):1545-1551. 

27. Hamilton AB, Poza I, Washington DL: Homelessness and trauma go 
hand-in-hand: pathways to homelessness among women veterans. 

Women's Health Issues: Official Publication Jacobs Inst Women's Health 
2011,21(4Suppl):S203-209. 

28. Shinn M, Gottlieb J, Wett JL, Bahl A, Cohen A, Baron Ellis D: Predictors of 
homelessness among older adults in New York City. J Hea/Psyc/io/ 
2007, 12(5):696-708. 

29. Gray D, McDonald T: Does the Sophistication of use of unemployment 
insurance evolve with experience? Can J Been 2012, 45(3):1 220-1 245. 

30. Lalive R, Van Ours J, Zweimuller J; How changes in financial incentives 
affect the duration of unemployment. RevEcon Stud 2006, 

73(4):1 009-1 038. 

31 . LemieuxT, Milligan KS: Incentive effects of social assistance: A regression 
discontinuity approach. USA; National Bureau of Economic Research 
Cambridge, Mass; 2004. 



Mago etal. BMC Medical Informatics and Decision Making 2013, 13:94 
http://www.biomedcentral.eom/l 472-6947/1 3/94 



Page 18 of 19 



32. Higgitt N, Wingert S, Ristock J: Voices from the margins: experiences of 
street-involved youth in Winnipeg. University of Winnipeg; Winnipeg, 
Manitoba, Canada; 2003. [httpy/www.uwinnipeg.ca/faculty/ius/ 
iusweb_bacl<up/pdf/Street-l<idsReportfinalSeptember903.pdf| 

33. Thomas BJ: A qualitative study of socioeconomic status, 
post-secondary education plans, and educational aspirations of 
students from a michigan public school. Soc Today 2011 , 9. 
[httpy/www.ncsociology.org/sociationtoday/v91/education.htm] 

34. Clarke M, Feeny S: Education for the end of poverty: implementing all the 
Millennium Development Goals. New York: Nova Science Publication 
Inc; 2007. 

35. Khan H, Williams JB: Poverty alleviation through access to education: 

Can E-learning deliver? 2006. [Working paper series. http//papers.ssrn. 
com/sol3/papers.cfm?abstract_id=l 6061 02] 

36. Riddell WC, Song X: The impact of education on unemployment 
incidence and re-employment success: Evidence from the U.S. 
labour marlcet. LabourEcono 201 1, 18(4):453^3. [httpy/www. 
sciencedirect.conn/science/article/pii/S09275371 1 1000054] 

37. Johnson RW: Rising senior unemployment and the need to work at 
older ages. Tech. rep. 2009. 

38. Lauer C: Education and unemployment: A French-German comparison. 
Washington: ZEW Discussion Paper; 2003. [http://www.urban.org/ 
uploaded pdf/41 1 964_senior_unemployment.pdfl 

39. Shifren JL, Monz BU, Russo PA, Segreti A, Johannes CB: Sexual problems 
and distress in United States women: prevalence and correlates. 
Obstet Gynecol 2008, 1 1 2(5):970. 

40. Jamison E, Jamison D, Hanushek E:The effects of education quality on 
mortality decline and income growth. Econ Educ Rev 2007, 
26(6):772-789. 

41 . Woodford M, Mammen S: Escaping poverty: rural low-income 
mothers' opportunity to pursue post-secondary education. Career 

Tech Educ Res 201 0, 35(2):81 -1 02. 

42. Sullivan JX, Turner L, Danziger S: The relationship between income and 
material hardship. J Policy Anal Manag 2008, 27:63-81 . 

43 McNaughton CC: Transitions through homelessness, substance use, 
and the effect of material marginalization and psychological 
trauma. Drugs: Educ Prev Policy 2008, 15(2):1 77-1 88. 

44. Early DW: An empirical investigation of the determinants of street 
homelessness. J /-/ous/ngfcon 2005, 14:27-47. 

45. Kushel MB, Hahn JA, Evans JL, Bangsberg DR, Moss AR: Revolving doors: 
imprisonment among the homeless and marginally housed 
population. Am J Pub Health 2005, 95(1 0):1 747. 

46. Conklin TJ, Lincoln T, Tuthill RW: Self-reported health and prior health 
behaviors of newly admitted correctional inmates. Am J Pub Health 
2000 90(1 2):1 939-1 941. 

47. Moore TH, Zammit S, Lingford-Hughes A, Barnes TR, Jones PB, Burke M, 
Lewis G: Cannabis use and risl< of psychotic or affective mental health 
outcomes: a systematic review. The Lancet 2007, 370(9584):3 1 9-328. 

48. D'Souza D, Perry E, MacDougall L, Ammerman Y, Cooper T, Wu Y, BraleyG, 
Gueorguieva R, Krystal J, et al.: The psychotomimetic effects of 
intravenous delta-9-tetrahydrocannabinol in healthy individuals: 
implications for psychosis. Neuropsychopharmacology 2004, 

29(8):1 558-1 572. 

49. Cleary M, Hunt G, Matheson S, Siegfried N, Walter G: Psychosocial 
interventions for people with both severe mental illness and 
substance misuse. Cochrane Database SystRev 2008, (1 ): CD001 088 
[doi:l 0.1 002/1 4651 858CD001 088.pub2.] 

50. Mallett S, Rosenthal D, Keys D: Young people, drug use and family 
conflict: Pathways into homelessness. J Adolescence 2005, 
28(2):185-199 

51 Schafer G: Family functioning In families with alcohol and other drug 
addiction. Soc PolicyJNZ 201 1 , 37:1 -1 7. 

52. Booth RE, Crowley TJ, Zhang Y: Substance abuse treatment entry, 
retention and effectiveness: out-of-treatment opiate injection drug 
users. Drug Alcohol Dependence 1 996, 42:1 1 -20. 

53. Weisner C, Matzger H, Kaskutas LA: How important is treatment? 
One-year outcomes of treated and untreated alcohol-dependent 
individuals. /\dd/ct/on 2003, 98(7):901 -91 1 . 

54. Florentine R, Anglin MD: More is better: Counseling participation and 
the effectiveness of outpatient drug treatment* 1 .JSubstAbuse Treat 
1996, 13(4):341 -348. 



55. Hahn RA, Kleist DM: Divorce mediation: Research and implications for 
family and couples counseling. EamJ 2000, 8(2):1 65-1 71 . 

56. Carr A: Evidence-based practice in family therapy and systemic 
consultation. J Fom Ther 2000, 22:29-60. 

57. Carr A: The effectiveness of family therapy and systemic 
interventions for adult-focused problems. Jfom Ther 2009, 31 :46-74. 

58. Landau J, Garrett J; Neurobiology and Addiction: Assisting the Family and 
Suppon System to Get Resistant Loved Ones into Treatment. Washington: 
American Family Therapy Academy, Inc.; 2008: 29-37. 

59. Zorza J: Woman battering: A major cause of homelessness. CIgh Rev 
1991,25:421. 

60. Neale J: Homelessness amongst drug users: A double jeopardy 
explored. IntJDrug Policy 2001 , 1 2(4):353-369 

61 . Yoder KA, Whitbeck LB, Hoyt DR: Event history analysis of antecedents 
to running away from home and being on the street. AmBehavSci 
2001,45:51-65. 

62. Alvi S, Scott H, Stanyon W: We are locking the door: family histories in 
a sample of homeless Youth. Qual Rep 201 0 1 5(5):1 209-1 226. 

63 Tyler KA: A qualitative study of early family histories and transitions 
of homeless youth. J Interpers Violence 2006, 21(1 0):1 385-1 393. 

64. McNiel DE, Binder RL, Robinson JC: Incarceration associated with 
homelessness, mental disorder, and co-occurring substance abuse. 
Psychlatr Serv 2005, 56(7):840-846. 

65. Fertig AR, Reingold D: The characteristics and causes of homelessness 
among at risk families with children in twenty american cities. Soc 
Serv Rev 2008, 82(3):485-51 0. 

66. Dixon L, McNary S, Lehman AF: Remission of substance use disorder 
among psychiatric inpatients with mental i\\r\ess. Am J Psychiatry 
1998, 155(2):239-243. 

67. Wesley-Esquimaux CC, Snowball A: Viewing violence, mental illness 
and addiction through a wise practices lens. Int J Mental Health Addict 
2010, 8(2):390-407. 

68. Kessler RC, Walters EE, Forthofer MS: The social consequences of 
psychiatric disorders. III: probability of marital stability. Am J 
Psychiatry 1 998, 1 55(8):1 092-1 096. 

69. Frank RG, Gertler P: Mental health and marital stability. Int J Law 
Psychiatry m^, 14(4):377-386. 

70. Callan S, Baggaley M, Bolton D, Farmer P, Fonagy P, Frank I, Gill IVI, Gray R, 
Leach P, McAttram M, Thompson C: Mental Health: Poverty, ethnicity, and 
family breakdown. The Centre for Social Justice, UK, 201 1 . [httpy/www. 
centreforsocialjustice.org.uk/UserStorage/pdf/Pdf%20reports/ 
MentalHealthlnterimReport.pdf| 

71 . Marshall E, Stralow A: Responding to the health and well-being needs 
of homeless and marginalised young people in NSW: where are we 
going? Parity 2009, 22(9);29-30. 

72. Khan F, Pieterse E: The homeless people's alliance: purposive creation 
and ambiguated realities. Voices Protest: Soc Movements Post-Apartheid 
S0L/f/i/\fr 2006:1 55-1 78. 

73. Brown KA, Keast RL, Waterhouse JM, Murphy GD: Social innovation to 
solve homelessness : wicked solutions for wicked problems. 

In European Group of Public Administration Conference, Malta; 2009. 
[httpy/eprints.qut.edu.au/29936/j 

74. Walker-Dalhouse D, Risko VJ; Homelessness, poverty, and children's 
literacy development. Reading Teach 2008, 62:84-86. 

75. Occidental College, Los Angles, California. [httpZ/oxy.dev.guidance.com/ 
sites/default/files/assets/UEP/Comps/2011/Chloe%20Lee_ABCs%20to 
%20lmprove%20Homeless%20Education.pdf| 

76. Friedman D: Social impact of poor housing. London: Ecotec for the 
National Housing Federation; 2010. 

77. Burt MR, Aron LY, Valente J: Helping America's homeless: Emergency shelter 
or affordable housing? Was,h\rigtori, DC: The Urban Institute Press; 2001. 

78. ZIotnickC, Robertson MJ, Lahiff M: Getting off the streets: Economic 
resources and residential exits from homelessness. J Commun Psychol 
1 999, 27(2):209-224. 

79. Shinn M, Baumohl J, Hopper K: The prevention of homelessness 
revisited. Anal Soc Issues Pub Policy 2001 , 1 :95-1 27. 

80. Quigley JM, Raphael S, Smolensky E: Homeless in America, homeless in 
California. Rev Econ Stat 2001 , 83:37-5 1 . 

81 . Crane M, Byrne K, Fu R, Lipmann B, Mirabelli F, Rota-Bartelink A, Ryan M, 
Shea R, Watt H, Warnes AM: The causes of homelessness in later life: 



Mago etal. BMC Medical Informatics and Decision Making 2013, 13:94 
http://www.biomedcentral.com/1472-6947/13/94 



Page 19 of 19 



findings from a 3-nation study. J Gerontology Series B: Psychol Sci Soc Sci 

2005, 60(3):S152-S159. 
82 Hardesty M, Black T: Mothering through addiction: a survival strategy 

among Puerto Rican addicts. Qual Health Res 1 999, 9(5):602-61 9. 
83. Beiser M, Hou F, Hyman l,Tousignant M: Poverty, family process, and 

the mental health of immigrant children in Car\ada. Am J Pub Health 

2002, 92(2):220-227. 

84 Zinn M: Family, race, and poverty in the eighties. Signs 1989, 
14(4):856-874. 

85 Faez F, Ghodsypour S, Brien CO: Vendor selection and order allocation 
using an integrated fuzzy case-based reasoning and mathematical 
programming model. IntJProd Econ 2009, 121 {2):395-408. 
[http;//www.sciencedirect.com/science/article/pii/S0925527307000579] 

86. RossTJ: Fuzzy logic with engineering applications. Chennai, India: Wiley 
Online Library; 1995. 

87. Mago V, IVIehta R, Woolrych R, Papageorgiou E: Supporting meningitis 
diagnosis amongst infants and children through the use of fuzzy 
cognitive mapping. B/WC Med InfDecis leaking 201 2, 1 2:98. 

88. Mago VK, Bakker L, Papageorgiou El, Alimadad A, Borwein P, Dabbaghian 
V: Fuzzy cognitive maps and cellular automata: An evolutionary 
approach for social systems modelling. App/ Soft Comput 2012, 

12(1 2):3771 -3784. [http://www.sciencedirect.com/science/article/pii/ 
SI 56849461 2001 081] 

89. Giabbanelli PJ, Torsney-WeirT, Mago VK: A fuzzy cognitive map of the 
psychosocial determinants of obesity. AppI Soft Comput 201 2, 

12(1 2):371 1 -3724. [http://www.sciencedirect.com/science/article/pii/ 
SI 56849461 2000634] 

90. Pratt S, Giabbanelli P, Jackson P, Mago V: Rebel with many causes: A 
computational model of insurgency. In Intelligence and Security 
Informatics (ISI), 2012 IEEE International Conference on. Arlington, VA: IEEE; 
2012:90-95. 

91 Tsadiras AK: Comparing the inference capabilities of binary, trivalent 

and sigmoid fuzzy cognitive maps. InfSci 2008, 1 78(20):3880-3894. 
92. MathWorks: Vectorization. 201 2. [http://www.mathworks.com/help/ 

matlab/matlab_prog/vectorization.html] 
93 Seddon T: Youth, heroin, crack: a review of recent British trends. 

Health Educ 2008, 1 08(3):237-246. 
94. Norman G, Streiner D: Biostatistics: the bare essentials. Shelton, 

Connecticut, USA: People's Medical Publishing House; 2007. 
95 Ozesmi U, Ozesmi S: Ecological models based on people's 

knowledge: a multi-step fuzzy cognitive mapping approach. Ecol 

IVIodel 2004, 176(1-2)43-64. 

96. Obiedat M, Samarasinghea S, Strickert G: A New Method for Identifying 
the Central Nodes in Fuzzy Cognitive Maps using Consensus 
Centrality Measure. In 19th International Congress on Modelling and 
Simulation 2011 . Perth: Modelling and Simulation Society of Australia and 
New Zealand; 201 1 :1 084-1 091 . 

97. Bronson R, Naadimuthu G:Schaum's outline of theory and problems of 
operations research. New York Schaum's Outline Series; McGraw-Hill; 1 997. 

doi:l 0.1 1 86/1 472-6947-1 3-94 

Cite this article as: Mago et al:. Analyzing the impact of social factors on 
homelessness: a Fuzzy Cognitive Map approach. BMC Ivledical Informatics 
and Decision Making 2013 13:94. 



Submit your next manuscript to BiolVled Central 
and tal<e full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



